The estimation of characteristics from the impact perforation process of the material by the high-speed photograph system has been studied. In this method, the characteristic of the material is estimated from the continuous images after the steel ball perforates into the material specimen. In this study, we propose to use the neural network to localize the steel ball in the continuous images.
Introduction
It is important to estimate the perforation limit velocity and residual velocity of the material in the design of the structure that collides with the flying object. So, the characteristic evaluation from the impact perforation image by the super high-speed photograph system has been studied in mechanical engineering ') ' I. In this method, a steel ball is shot into the material specimen. Then, the characteristic of the material is estimated from the steel ball and the specimen behavior. However, the observation of steel ball behavior might be difficult in the specimen such as ceramics because of scattering the fragments.
On the other hand, the neural network is often used as a method of the image recognition ' I. When the neural network is used for the image recognition, correct recognition from an imperfect image can be expected because of the robustness of the neural network. In this study, we propose to apply the neural network for the recognition of the steel ball in the impact perforation image. We use the three-layered feed-forward neural network, which distinguishes whether the input image is a steel ball part. To provide the image as an input of the neural network, the image compression is needed for differences between the number of image pixels and the numbers of input neurons. We use the image compression based on the wavelet transform.
In this study, we show the effect to use the neural network to localize the steel ball in the impact perforation image of single plate specimens of polycarbonate and polymethyl methacrylate.
Impact perforation test
When the steel ball perforates through a plate, the residual velocity of the steel ball after the perforation is expressed by the characteristics of strength of the board, rigidity, an initial form, the size and so on. Therefore, we can estimate the material property according to the impact velocity, the residual velocity of the steel ball, and the geometric property of the material. One of us has been researching the evaluation method of the material property by the impact perforation test based on the above-mentioned principle. As one of the measurement method of the speed of a steel ball, we use the method by a high-speed camera because the influence of the fragments of the perforated specimen is a little. In this system, the steel ball launched from the shooting device perforates through a monotonous material plate in the high temperature furnace, and the appearance is taken of a picture with the high-speed camera. The high-speed camera of this system can take a picture of four continuous photographs. Tbe experimental setup that we used is shown in Fig.1 .
The continuous photographs of the perforation can measure the velocity of the steel ball with the high-speed camera. However, the location of the steel ball cannot for camera conuol camera unit .
Neural network

In this study, we introduce the neural network to localize a steel ball in the impact perforation image. We use the three-layer feed-forward network whose input and output are preprocessed sub-images and distinction results of the input sub-images, respectively. That is, we input the sub-images of the impact perforation image to the network. The network distinguishes whether the sub-image is a steel ball.
In leaming phase, the network learns the sub-image of a steel ball and other sub-images as leaming data. The sub-image sequence obtained by horizontally scanning the part of the impact perforation image, which the steel ball passes, is input for estimation phase. Then, the network outputs existence probability of the steel ball at each sub-image position. The existence urobabilitv of the steel ball is expressed according to the normalized value of the difference of two neuron outputs. To train the network, we give tutorial output pair (1,O) and (0,l) to the image of The sub-images are compressed and normalized to be input data of the neural network. The two-dimensional wavelet transform by the Dauhechies 8 wavelet was used for the image compression. The network architecture used in the simulation is shown in Fig.2. 
3.0
Simulation
We simulated the localization of a steel ball by the neural network from the impact perforation image, which had been obtained in the experiment of an actual composite material specimen. The composite material specimens are polycarbonate (PC) and polymethyl methacrylate (PMMA). The size of the steel ball was 5mm in the diameter, and 0.5g in mass. The parameters of the experiment are shown in Table 1 . The high-speed photographs of the impact perforation test with these materials are shown in Fig.3 . In the images of PC of the Fig.3 (a) , it is easy to localize the steel ball. We use these images for test of the network. A steel ball position of the i n t e h m e time (psec) 1 50 
PMMA images in Fig.3 (b) is indistinct because of the fragments of specimen. We experiment whether the network can localize the steel ball from these images.
We cut out a sub-image of the steel ball and other sub-images from the observed image as the leaming data. The five sub-images; a sub-image of the steel ball and the other four sub-images, were used as leaming data. The network parameters are shown in Table 2 . Because the mean square error had decreased below the criterion in the regulated epoch number when leaming, we confirmed that the network leamed successfully. A partial image sequence of PC and PMMA of the height where the steel hall passed was input and recognized in learning phase. The input sub-images and the recognized results are shown in Fig.4 .
According to the result, the neural network clearly outputs a steel hall position in the image of the PC specimen. Moreover, the neural network correctly outputs a steel ball position to the image of the PMMA specimen in which the fragments of the specimen has scattered. Because the error of the steel ball position estimated by the neural network, it is, confirmed that the neural network accurately localized the steel ball. Therefore, it is effective to use the neural network to localize a steel ball in the impact perforation image.
. Conclusion
We proposed to use the neural network to localize a steel ball in the high-speed photograph of the impact perforation of the material, and showed the effect by the simulation. First of all, we showed the possibility by using the PC specimen image by which the steel ball was distinguished clearly. Moreover, the PMMA specimen image with an indistinct steel ball accurately estimated a steel ball position.
